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Is Smoking Still Important in the Pathogenesis of 
Peptic Ulcer Disease? 


Gregory L. Eastwood, m.d. 


The pathogenesis of peptic ulcer disease is multifactorial, 
including the effects of Helicobacter pylori, gastric acid, 
pepsin, gastroduodenal motility, smoking and nicotine, 
and the complex interaction of an array of other so-called 
aggressive and protective factors. Since the discovery and 
acceptance of H. pylori as a major etiologic agent in peptic 
ulcer disease, the role of smoking has received less atten¬ 
tion. Smokers are more likely to develop ulcers, ulcers in 
smokers are more difficult to heal, and ulcer relapse is 
more likely in smokers. These clinical observations may be 
explained by the adverse effects that smoking has on mu¬ 
cosal aggressive and protective factors. Of the aggressive 
factors, smoking appears to have no consistent effect on 
acid secretion. However, smoking impairs the therapeutic 
effects of hi$tamine-2 antagonists, may stimulate pepsin 
secretion, promotes reflux of duodenal contents into the 
stomach, increases the risk for and harmful effects of H. 
pylori, and increases production of free radicals, vasopres¬ 
sin, secretion by the pituitary, secretion of endotheiin by 
the gastric mucosa, and production of platelet activating 
factor. Smoking also affects the mucosal protective mecha¬ 
nisms. It decreases gastric mucosal blood flow and inhibits 
gastric mucous secretion, gastric prostaglandin generation, 
salivary epidermal growth factor secretion, duodenal mu¬ 
cosal bicarbonate secretion, and pancreatic bicarbonate 
secretion. These adverse effects of smoking on aggressive 
and protective factors quality it as an important contribu¬ 
tor to the pathogenesis of peptic ulcer disease and indicate 
that smoking plays a significant facilitative role in the de¬ 
velopment and maintenance of peptic ulcer disease. 
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The pathogenesis of peptic ulcer disease is multi¬ 
factorial, including the effects of Helicobacter pylori, 
gastric acid, pepsin, gastroduodenal motility, smok¬ 
ing and nicotine, and the complex interaction of an 
array of other so-called aggressive and protective 
factors. Since the discovery and acceptance of H. 
pylori as a major etiologic agent of peptic ulcer dis¬ 
ease, the role of smoking has received less attention. 

This review should remind us that smoking still is an 
important factor in the pathogenesis of peptic ulcer 
disease because it adversely affects many of the 
natural protective mechanisms and enhances the ag¬ 
gressive ones, including increasing the risk for H. 
pylori infection. “'j i 

Historically, smoking has been viewed as both a 
benign pleasure and a dangerous habit. More than 
300 years ago, Moliere (1622-1673) said, .. there’s 
nothing like tobacco. 'Tis the passion of decent folk; 
and he who lives without tobacco isn’t worthy of 
living.” 

A century later, Philip Freneau (1732-1832) of¬ 
fered a more critical view: 

Tobacco surely was designed 
To poison, and destroy mankind. 

More recently, this verse by Graham Lee Hem- j 
minger (1896-1949) expresses our contemporary f 
ambivalence toward smoking. j 

Tobacco is a dirty weed. I like it, , 

It satisfies no normal need. I like it. i 

It makes you thin, it makes you lean, > 

It takes the hair right off your bean. i 

It’s the worse darn stuff I’ve ever seen. 

I like it, I 

W 

Regardless of what people historically have 
thought about smoking, the fact remains that smok¬ 
ing and nicotine do have adverse effects that con¬ 
tribute to the pathogenesis of peptic ulcer disease. 

What is the evidence that smoking and peptic ul¬ 
cer disease are causally linked? (Table 1). First, ciga- 


S1 


This article is lor individual use only and may noi be further reproduced or stored electronically without ur.tlen permission from the copyright holder 
Linaulhoriwd reproduction may result in financial and other penalities (c) LIPP1NC0TT WILLIAMS & WILKINS 


PM3001395308 


Source: https://www.industrydocuments.ucsf.edu/docs/tjpj0001 



S2 


G. L. EASTWOOD 


TABLE 1. Clinical associations of smoking with peptic 
ulcer disease 


Smokers are mors likely than non-smokers to develop ulcers 
Ulcers in smokers are more difficult to heal 
Ulcer relapse is more likely in smokers 


rette smoking appears to be a risk factor for the 
development, maintenance, and recurrence of peptic 
ulcer disease, Epidemiologic evidence indicates that 
(a) smokers are more likely to develop peptic ulcers 
than nonsmokers (1-5), (b) once formed, peptic ul¬ 
cers in smokers are more difficult to heal (2,6-10), 
and (c) after ulcers have healed, they are likely to 
relapse sooner and more often in smokers than in 
nonsmokers (8.11,12). These clinical observations 
might be explained by the effects of smoking and 
nicotine on various physiologic functions of the up¬ 
per gastrointestinal tract, some of which can injure 
and others that can protect the mucosa. 

INJURIOUS (AGGRESSIVE) FACTORS 

Gastric Acid Secretion and 
Histamine-2 Antagonists 

The medical literature tells a variable and some¬ 
times contradictory story about the effect of smoking 
on gastric acid secretion. Smoking has been reported 
to either stimulate (13-16), inhibit (17-19), or have 
no effect on acid secretion (20-22). In one study, a 
biphasic effect, i.e., an initial transient rise in basal 
acid secretion followed by a decrease, was seen after 
smoking one unfiltered cigarette every 15 min for 1 
h (23). In another study, smokers with duodenal ul¬ 
cer who smoked four cigarettes did not have a 
change in basal gastric acid secretion, but habitual 
heavy smokers who were not actively smoking at the 
time of study did exhibit an increase in pentagastric- 
stimulated gastric secretion compared to nonsmok¬ 
ers (14). 

With respect to histamine-2 (H 2 ) antagonists, 
smoking appears to interfere with the antisecretory 
actions of cimetidine, ranitidine, and famotidine. For 
example, nocturnal acid secretion was greater in 
smokers treated with H 2 antagonists when they were 
allowed to smoke than when smoking was prohibited 
(24). In another trial, three H 2 antagonist regimens 
(cimetidine 800 mg h.s., ranitidine 150 mg b.i.d., and 
ranitidine 300 mg h.s.) were all less effective in 
smokers than in nonsmokers in reducing gastric acid¬ 
ity (25). In addition, smokers with duodenal ulcers 
treated with H 2 antagonists have poorer rates of 
healing (8,9). This means that H 2 antagonists appear 
to be less effective in healing duodenal ulcers in 


smokers, although increasing the dosage may over¬ 
come this problem (9), Moreover, treatment with 
sucralfate may be more effective than H 2 antagonists 
in healing duodenal ulcers and preventing relapse in 
smokers (26). In gastric ulcers treated with H, an¬ 
tagonists, smoking does not appear to affect ad¬ 
versely the healing or recurrence rate (27-29). To 
summarize, although it is likely that smoking has no 
consistent, clinically important effect on gastric acid 
secretion, smoking docs appear to interfere with the 
effectiveness of H, antagonists in healing duodenal 
ulcers. 

Pepsin Secretion 

The activity of pepsin is dependent on pH. There¬ 
fore, the role of pepsin in the pathogenesis of peptic 
ulcer disease is linked to acid, In one study, basal, 
vagatly stimulated, and maximal outputs of pepsin 
were significantly higher in smokers than in non- 
smokers, whether or not they had duodenal ulcer 
(16). In another study, smokers with ulcers had sig¬ 
nificantly greater pepsin secretion after pentagastrin 
or histamine stimulation than nonsmokers with ul¬ 
cers, but in subjects without ulcers there was no sig¬ 
nificant association between smoking and stimulated 
pepsin secretion (30). These observations suggest 
that smoking either stimulates or does not affect 
pepsin secretion. 

Upper Gastrointestinal Motility 

Changes in gastric emptying and reflux of duode¬ 
nal contents into the stomach may contribute to gas¬ 
tric mucosal injury. Data on the effects of smoking 
on gastric emptying are conflicting. Various studies 
show that smoking increases, delays, or does not af¬ 
fect gastric emptying of solids or liquids (31-36). In 
contrast to information on gastric emptying, there is 
ample evidence to implicate smoking in promoting 
duodenogastric reflux. Smoking a single cigarette re¬ 
laxes the pyloric sphincter (37). Other studies show 
that smoking is associated with reflux of duodenal 
contents into the stomach (21,38-40), although this 
has not been universally documented (41). There¬ 
fore, although the effects of smoking on gastric emp¬ 
tying are not clear, smoking does appear to promote 
reflux of duodenal contents, including bile acids, 
phospholipids, and pancreatic secretions, into the 
stomach, where they can promote gastric mucosal 
injury, 

H. pylori 

The identification of H, pylori and its primary roie 
in the pathogenesis of peptic ulcer disease undoubt- 
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edly is one of the most significant medical discover¬ 
ies of this century. What, therefore, is the relation¬ 
ship of U. pylori to smoking in the pathogenesis of 
peptic disease and its treatment? 

First, smoking appears to increase the risk for H. 
pylori infection in individuals without peptic ulcer 
disease. In one study of 462 subjects with normal 
endoscopy, current cigarette smokers had a higher 
rate of H. pylori infection (50%) than nonsmokers 
and ex-smokers (36%) (42). 

Second, this effect of smoking on increasing the 
likelihood of II. pylori infection is magnified in Af¬ 
rican-Americans. African-Americans are more 
likely than whites to have H, pylori infection (43-j 
45), and that risk is increased almost fO-fold uni 
African-Americans who smoke (45). 

Third, smoking may enhance the formation of ul¬ 
ceration in H. py/or:-positive individuals. In one 
study, 73% of H. pylori-seropositive smokers had a 
duodenal or gastric ulcer, whereas only 27% of se¬ 
ropositive nonsmokers had ulcers (46). However, an¬ 
other study failed to identify an additional risk of 
smoking for ulceration that was independent of H. 
pylori infection (47), 

Fourth, in support of the contention that smoking 
enhances the ulcerogenic actions of H. pylori, nico¬ 
tine has been shown to potentiate the effect of a 
vacuolating toxin produced by H. pylori (48). About 
50% of H. pylori isolates produce a vacuolating 
toxin, which may be an important determinant of 
virulence and can be detected in vitro by quantifying 
vaeuolation of HeLa cells. Nicotine alone induces 
vacuolization, but when added to H. pylori it poten¬ 
tiates the vacuolating effect of the H. pylori toxin 
(48). 

Fifth, cigarette smoking appears to have no effect 
on ulcer healing after eradication of H. pylori (49). 

Finally, eradication of H. pylori appears to obviate 
the deleterious effect of smoking on subsequent re¬ 
lapse of ulcer. Two studies have shown that when H. 
pylori is treated effectively, whether a patient 
smokes or not has no effect on the risk for recur¬ 
rence (50,51). 

To summarize, smoking appears to increase the 
risk for H. pylori infection, which may be more pro¬ 
nounced in African-Americans, and may also aug¬ 
ment the harmful effects of H. pylori in the develop¬ 
ment of peptic ulceration. However, once H. pylori 
has been eradicated, smoking does not appear to de¬ 
lay ulcer healing or increase the risk for recurrence. 

Other Aggressive Factors 

Smoking also affects several other aggressive fac¬ 
tors iu ways that may promote mucosal injury. 


Oxygen-derived free radicals are important in the 
pathogenesis of gastric mucosal injury by ethanol, 
nonsteroidal anti-inflammatory drugs, restraint 
stress, and other provocative agents and conditions 
(52-54). In one study, production of white cells and 
blood free radicals was increased in smokers com¬ 
pared to nonsmokers, suggesting that free radicals 
promote gastric mucosal injury in smokers (54). 

Agents that cause vasoconstriction may predis¬ 
pose to mucosal injury. Several reports have shown 
that both smoking and i.v. nicotine stimulate the pi¬ 
tuitary to release vasopressin, a potent vasoconstric¬ 
tor (55-58). In addition, the endothelin peptides, 
which are vasoconstrictors produced by endothelial 
cells, have been implicated in various forms of gas¬ 
tric mucosal damage (59-61). In dogs, cigarette 
smoke has been shown to increase gastric mucosal 
endothelin peptide (ET-1) content (62). Finally, 
platelet-activating factor (PAF) is an endogenous 
phospholipid that has vasoconstrictive properties 
and has been identified as a mediator of gastric mu¬ 
cosal injury under several conditions (63-65). Plasma 
PAF concentrations are elevated in smokers (66), 
which may be due to inhibition of plasma PAF 
acetylhydrolase activity by cigarette smoke (67). 

PROTECTIVE FACTORS 
Mucus Secretion 

In rats, intragastric nicotine initially stimulates 
mucus secretion (68-71), but chronic administration 
depresses mucus secretion, gastric mucosal mucus 
content, and total mucus neck cell population (68,71, 
72). In humans, smokers had a reduction in acid mii- 
cosubstances in gastric epithelium compared to non- 
smokers (73). Therefore, the long-term effect of 
smoking appears to be inhibition of gastric mucus. 

Prostaglandin Generation 

Prostaglandins, particularly of the E and I series, 
are believed to be important in protecting the gas¬ 
troduodenal mucosa against injury. Some of the ben¬ 
eficial effects of prostaglandins include stabilization 
Of mucosal capillary endothelial integrity, mainte¬ 
nance of mucosal blood flow, and stimulation of mu¬ 
cus and bicarbonate from mucosal surface epithelial 
ceils, 

Several studies have shown that smoking in hu¬ 
mans causes immediate but transient reductions in 
both luminal and gastric mucosal PGE 2 and 6-keto- 
PGF la (74-77), the so-called protective prostagland¬ 
ins, and increases in luminal PGF 2a aDd throm¬ 
boxane B 2 (78), prostaglandins that are more harm- 
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ful. Whether these observations are due to the 
luminal effects of nicotine on the gastric mucosa or 
to some systemic effect has been addressed by the 
following studies. In rats, an ulcerogenic i.v. dose of 
nicotine (79), intragastric instillation of nicotine in 
various concentrations (80), and incubation of mu¬ 
cosal samples in vitro with a wide range of concen¬ 
trations of nicotine (81) all failed to alter gastric mu¬ 
cosal PGE 2 and 6-keto-PGF la generation. There¬ 
fore, although smoking appears to depress gastric 
mucosal prostaglandin generation, the mechanism is 
not likely to be via a direct effect of nicotine. 

Mucosal Blood Flow 

With regard to mucosal blood flow, the effects of 
nicotine and smoking are equivocal, i.c., nicotine ad¬ 
ministration or smoking in animals and humans has 
been shown to increase, decrease, have no effect, or 
have variable effects on mucosal blood flow (82-86). 
Part of the problem is the variety of methods for 
measuring mucosal blood flow, which include mea¬ 
surement of Neutral Red clearance, aminopyrine 
clearance, hydrogen gas clearance, and Doppler 
flowmetry. However, on balance, it appears that 
nicotine and smoking decrease gastric mucosal blood 
flow by a variety of effects, including a systemic re¬ 
duction in arterial blood pressure and an increase in 
intestinal vascular resistance. The latter could be me¬ 
diated by a variety of factors, including activation of 
adrenoreceptors, and some of the effects already dis¬ 
cussed, i.e., stimulation of vasopressin secretion by 
smoking, generation of platelet-activating factor and 
endothelin, and inhibition of endogenous prosta¬ 
glandin synthesis. 

Epidermal Growth Factor 

Epidermal growth factor (EGF) is a mucosa! pro¬ 
tective agent that is secreted in saliva and swallowed 
into the stomach, where it binds to receptors in the 
gastric mucosa to inhibit gastric acid secretion (87). 
Several reports indicate that smoking cigarettes is 
accompanied by a reduction in salivary secretion of 
EGF (88,89). Reduced EGF in smokers may contrib¬ 
ute to an increased risk for peptic ulcer disease by 
increasing acid secretion and diminishing mucosal 
protection. 

Pancreatic and Duodenal Mucosal 
Bicarbonate Secretion 

Both pancreatic bicarbonate secretion and duode¬ 
nal mucosal bicarbonate secretion are important in 
neutralizing gastric acid as it enters the proximal du¬ 


odenum and thereby helping to protect the duodenal 
mucosa from the harmful effects of acid and pepsin. 
Several studies have shown that, immediately after 
smoking, pancreatic secretion of bicarbonate is di¬ 
minished and the pH of the duodenal bulb becomes 
more acid (23,90-92). These effects are transient, 
lasting minutes to hours. Smoking also has been 
shown to inhibit acid-stimulated duodenal mucosal 
bicarbonate secretion, although there was no effect 
on luminal PGE 2 (93). The inhibition by smoking of 
both pancreatic and duodenal mucosal bicarbonate 
secretion, and the consequent compromise in neu¬ 
tralizing acid, may predispose to peptic disease of the 
duodenum. 

OVERVIEW AND COMMENT 

Clinical and epidemiologic evidence indicates that 
smokers are more likely to develop ulcers, ulcers in 
smokers are more difficult to heal, and ulcer relapse 
is more likely in smokers (Table 1). These clinical 
observations may be explained by the adverse effects 
of smoking on mucosal aggressive and protective 
factors, factors that are believed to be important in 
the development and avoidance of mucosal injury. 

With regard to the aggressive factors (Table 2), 
although smoking appears to have no consistent 
clinically important effect on gastric acid secretion, it 
does impair the therapeutic effects of H 2 antagonists. 
Smoking also appears to stimulate pepsin secretion. 
Although the effects of smoking on gastric emptying 
are not consistent, smoking does cause relaxation of 
the pyloric sphincter and promotes reflux of duode¬ 
nal contents into the stomach. The interaction of 
smoking with H. pylori is of particular relevance in 
view of the causative role played by H. pylori in the 
pathogenesis of peptic ulcer disease. Smoking ap¬ 
pears to increase the risk for //. pylori infection, 
which may be more pronounced in African- 
Americans, and may also augment the harmful ef¬ 
fects of H. pylori in the development of peptic ul¬ 
ceration. However, once H. pylori has been eradi¬ 
cated, smoking does not appear to delay ulcer 
healing or increase the risk for recurrence. Smoking 

TABLE 2. Effects of smoking on aggressive factors 

No consistent effect on acid secretion 

Impairs the effects of histamine-2 antagonists 

May stimulate pepsin secretion 

Promotes reflux of duodenal contents 

Increases risk for H. pylori infection and potentiates its 
harmful effects 

Increases free radical production, pituitary vasopressin, 
gastric mucosal endolhelin, and platetet-activating factor 
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TABLE 3. Effects of smoking on protective factors 


Inhibits gastric mucus secretion 

Inhibits gastric mucosal prostaglandin generation 

Decreases mucosal blood flow 

Inhibits salivary epidermal growth factor secretion 

Inhibits pancreatic bicarbonate secretion 

Inhibits duodenal mucosal bicarbonate secretion 


affects several other aggressive factors, including in¬ 
creases in free radical production, pituitary vasopres¬ 
sin, gastric mucosal ET-1 and PAF. 

Smoking also affects mucosal protective mecha¬ 
nisms (Table 3). It inhibits mucous secretion as well 
as mucosal prostaglandin generation. Smoking also 
decreases mucosal blood flow, which may be medi¬ 
ated by a variety of factors, including activation of 
adrenoreceptors and stimulation of vasopressin se¬ 
cretion, generation of PAF and ET-1, and inhibition 
of endogenous prostaglandin synthesis. Finally, 
smoking inhibits salivary EGF secretion, duodenal 
mucosal bicarbonate secretion, and pancreatic bicar¬ 
bonate secretion, all of which are important in pro¬ 
tection of the gastric and duodenal mucosa. 

The adverse effects of smoking on aggressive and 
protective factors qualify it as an important contribu¬ 
tor to the development and maintenance of peptic 
ulcer disease. However, these effects are transient 
and the affected physiologic functions return to nor¬ 
mal within minutes to hours after cessation of smok¬ 
ing. In contrast to the effects of smoking on coronary 
artery disease, stroke, chronic lung disease, cancer, 
and complications of pregnancy, which are either 
permanent or can persist for years after cessation of 
smoking, cessation of smoking appears to have im¬ 
mediate beneficial effects on peptic ulcer disease. 
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